In the title salt, C 5 H 14 N 2 2+ Á2C 4 H 3 O 4 À , the asymmetric unit contains two independent 2-methylpiperazinium dications, which comprise a racemic pair, and four hydrogen maleate monoanions. In the roughly planar hydrogen maleate anions, intramolecular O-HÁ Á ÁO hydrogen bonds generate S(7) rings. In the crystal, the four independent anions are linked to the 2-methylpiperazinium cations through N-HÁ Á ÁO hydrogen bonds, forming two-dimensional layered structures lying parallel to (001).
Related literature
For maleate geometry and its S(7) ring formation, see: Anitha et al. (2012) . For background on 2-methylpiperazine salts, see: Hajlaoui et al. (2011) ; Wilkinson & Harrison (2007) . For a similar structure, see: Mathlouthi et al. (2014) . For puckering parameters, see : Cremer & Pople (1975) . Table 1 Hydrogen-bond geometry (Å , ). Symmetry codes: (i) x; y À 1; z; (ii) x À 1; y; z; (iii) x þ 1; y; z; (iv) x; y þ 1; z.
D-HÁ
Data collection: CrysAlis PRO (Agilent, 2013 ); cell refinement: CrysAlis PRO; data reduction: CrysAlis PRO; program(s) used to solve structure: SIR2011 (Burla et al., 2012) ; program(s) used to refine structure: SHELXL2013 (Sheldrick, 2008 (Sheldrick, , 2015 within WinGX (Farrugia, 2012) ; molecular graphics: ORTEP-3 for Windows (Farrugia, 2012) ; software used to prepare material for publication: SHELXL2013. 
S1. Comment
Our ongoing studies of novel salts of maleic acid with related substances arises from the fact that hydrogen maleate anions in these systems possess short but highly strained hydrogen bonds in salts with racemic amines (Hajlaoui et al., 2011; Wilkinson & Harrison, 2007) . We report herein the synthesis and structure of the title hydrogen maleate salt with 2-
As shown in Fig. 1 , the asymmetric unit of the title salt contains two independent 2-methylpipirazinium dications which form a racemic pair [C1(R) and C1A(S)] and four hydrogen maleate anions. In the planar hydrogen maleate anions, short intramolecular O-H···O hydrogen bonds (Table 1) generate S(7) rings. This is common in many structures of maleic acid as the cis disposition of the alkene places hydrogen-bonding donors and acceptors in close proximity (Mathlouthi et al., 2014) .
In the crystal (Fig. 2) , the piperazinium groups of the cation are hydrogen-bonded to the carboxylate O atoms of the anion via N-H···O hydrogen bonds, forming a two-dimensional network. The four maleate anions (C6-C9), (C6A-C9A), (C6B-C9B) and (C6C-C9C) are connected to the organic cations, forming two-dimensional layers lying parallel to (001) (Fig. 3 ).
In the cation, the piperazinium rings adopt distorted chair conformations [puckering parameters Q, θ, and φ = 0.574 (2) Å, 1.11 (1)° and 73.6 (1)° for the first cation and = 0.577 (2) Å, 1.83 (2)° and 73.83 (1) for the second] (Cremer & Pople, 1975) .
S2. Experimental
A mixture of maleic acid (1M) and 2-methylpiperazine dissolved in ethanol (molar ratio 1:1:1) was stirred for 2 h and then kept at room temperature. Transparent crystals of the title compound were obtained one week later.
S3. Refinement
All H atoms bonded to C atoms of organic cations were positioned geometrically and treated as riding on their parent atoms, [C-H = 0.99 Å] with U iso (H) = 1.2 U eq (C). H-atoms attached to O and N atoms were located in difference Fourier maps and the positional paramaters for those attached to O were refined, with U iso (H) = 1.5 U eq (O) while the N-H bond distances were allowed to ride with N-H restrained at 0.91 (2) Å and U iso (H) = 1.2 U eq (N).
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Figure 1
The two dications and the four anions in the asymmetric unit of the title salt, with atom numbering scheme. Displacement ellipsoids for non-H atoms are drawn at the 30% probability level.
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Figure 3
The structure of the title compound viewed along the b axis.
2-Methylpiperazine-1,4-diium bis(cis-3-carboxyprop-2-enoate)
Crystal data (9) −0.0010 (7) −0.0068 (7) −0.0129 (7) N2 0.0219 (8) 0.0305 (9) 0.0368 (9) −0.0005 (7) −0.0096 (7) −0.0133 (7 
